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(54) PRODUCTION OF THREE DIMENSIONAL PHOTONIC CRYSTAL STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a structural body 
in which a three-dimensional full-band gap can be 
formed by a vertical hole process method by alternately 

laminating layers on a substrate havin^^'pjhteifn formed , t , t law aof 

on which a shape-holding multilayer can be easily *' '** Hi: 
formed by self cloning. 

SOLUTION: A medium 30 (Si02) and a medium 29 (a-Si) 
are alternately laminated by bias sputtering on a 
substrate having a pattern formed. By using a laminating 
mode to completely keep the form of the base (self 
cloning mode), a two-dimensional periodical laminated 
structure can be produced. Then, a two-dimensional 
periodical hole resist pattern is formed again by a 
lithographic process in this structural body. By using the 
resist pattern and by vertical dry etching, vertical holes 
32 are formed in the structure. As a result, a three- 
dimensional photonic crystal structural body 34 having 
the high refractive index medium 29, high refractive 
index medium 30 and low refractive index medium 33 can 
be produced. 
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] 12fe7C*/ttt2ife7cO«J!l!^^-vSr« 

i-flfita^iiao 2 *te^ fctt 3 ^7uj^ffl^ji«3t 

- t Sr#*i+5S»*3B l Sfcf* 2 fc|2*(7) 3 #: 

[flhttgs] «ris^^-^s«Ji^2a««±^ffi*f 30 

K"CaWbfcSH!iSB:ttoi(5< ftv^y^- 
4^fcfi5^fB«c^3^7C^^- h = y^ttft*iSflWfts 40 

[0001] 
[0002] 
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[0 0 0 3] 1 9 8 7^^Yablonovitch(Cj: f9 , 3 

{CHCii«)Swi:dS-e#S^l^5 (E. Yablonovitc 

h, Phys. Rev. Lett. 58 2059(1987)) &t£$tltl 0 ^COfg 

*##o^i:fto"c, was© 7* b=2/^«sa«st* 

^fffltt^S a £ *x£ J: 5 K ft o fc. 
[0 0 0 4] b^U 3»CtcW^±{-^^ K^s^ 

I*, i99i^|cHo»:J:5i»)!l#fi:J:^ Sift 

[0 0 0 5] Sfc, *(0«S«t«m7^h=:y^3IS 
So *©iftfi«TOiDX»ffiSr«FO*PXa««, m^tf 

1 *s J; t>*d! 2 i;:^r#Bt <z> fc <o& Zb 5 0 
[0 0 0 6] B l fci* Lfc»*«aWfrfc:oi ^TRWt 

So ronKgfm, ^m$rmwn 1 <d±mk^*? t b 

7^^yf-y^3HIff5^<l:lcj:^ fEK£*x5 0 - 
0>«ll#i£#0>«aif3:. ^ir^-^K«3t0 3*© (l 
io)**yK*iRi((iio), (loi), (oi 
1) #1*1) tc, ?L36SJ^i■UTV^5fl|J6^:ftoTV^5 0 M 

3*<Z) (110) tt^fR] ((-110), (10- 

i) , (o-ii) j^ift) icfcjriiJLdSftitixtfftfeft 

-e*iHR«IiC«||E^fT^tbrV>5 (E. Yablonovitch, T. 
J. Gmitter, and K. M. Leung, Phys. Rev. Lett. 67, 2295 (1 



3 

991)) . 

[0007] ^tz, m2\£ttmz*\sit&&mm»<o 
io) t (- 1 1 o) -xm^^^xio*) ^ mmiifate 

(0 0 1) ^r*]T*&5o #iOn>yK3«(Oi^P7 
K3 iB^^If of tltl*otV>^^(C, 
^l^^^tt^o^ Kl^±0^fe^ x j&V)<» (l l 
0) tl*ft ( (10 1) , (10-1), (Oil), 

(0-11) ) ^(D^-r*/u&xm*). ^*^Lt^ 

z> 0 m^. m 2 (cm^t-^ LTt^^^o^x, 

gO^£T*{1^£;ft/TV^ (S-Y.Lin et al. , Nature 
394, 251 (1998) ) D 

[0 0 0 8] 0 3 joJ:^Ill4^^:Wi-^i-^ B B 0«ig^ 
fi, 3^iE^r^y s> Kf&^fc£^3&7G7^f^y y K 

[0 0 0 9] £JLh<7)J; 5t-> 7/w<^ K^s^SrWi- 

[ooio] ztihtmtez?* h-vt&MiffimttxD 

fRH^ffitLTtt. 05, 6fc*-r±5fc2ft5£*>«JH 
«J6*r*©±af^^rf-**S4S:f^»U. 0 7, 8 1^ 

wile*"?* 3*7cJH»l«56*7S:f^«-rs, 
i:V^5^fe*S*Pe>iXTV^ 0 Z<Djjfe&m*. Yablonov 
itchtfU 9 8 7^SJj^^S:"e*i4SL"CV>fco L/^L 

.19, 10(?)J:?(: N l|(:/^CU:^oT2M 

«*fttt:3&7Gflffl1*ft{*:«r 

[0 0 11] CltLteSstLT, *:tf>f8* /q/^^y^ 
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^£iXTV^£ (S. Kawakami, Electronics Letters 33,12 
6,1997) Q 01 l\£^&0ftmm;<D6ftK&s<? — > 
<b£*tfcSt£8±lc, HU^O^{ft#^~K«C±«9. £ 
51#JiBI 9 01 2^-T£ 9 fcl. 011 

3, 14, 1 5{C^-TX 2 &tcJ^ JW:A:«5£ 8 a £: 

10 U r<7)2^7ni^ffl5 , Cfiiat8 a CD_hlCS i /S i 0 2 <D 

tsc^iaot, ii2c^ l/c 3 nkytmnmrnfa 1 
o^sjsttSo 4 om£i±<omm\^te\<^xhmm¥~iM. 

£*vo^ 0 co^rifett, 5fcM£>iffc0i , 2, 3*3J: 

20 [00 12] Ud^bftdSfe, -*{-2»C7c«»!«3S±^ 
^S«/f £?ToTf£§i£n50 7, 8«12C/tU: 
7 p 0 3»C7U^ffl«3g*7^1 OX*!*, 3»Ctc7/W^ 

-<^>k«3S (*s*waitsc*i(ia) ^iit^c^ 

J&S"C#fcl\, -t"*fe*>, 0 7, 8^01 2{Z^\^fcX0 
[00131 ^t, ZtlttegtteZJffet Lt, 2^7t: 

3*^ B e H ^at^^Ki-6^^^pl|g-efe^^. S.Fa 
n ^t-i ^)#^^^rv^5 (S. Fan et al. Applied Phys 
. ics Letters 65,(1994) 1466) 0 r. <D^3g*CO^^:0 
@16i^t„ r<D«3g^l l *^J:9t-bT 

ftnKSftSo ai9i^tj:5^ 1^12 

±^SiI13eMbf:f, c©Sill3(Cx y ^ 

y^(a^i4$:M«o :o^:i4^ 0 2Otc: 
^•TJ: s i o 2 i 5ia^)lft6o 02 1 

40 C/Tfj:^-, $bCSiil6^1L, ^b(c x 0 

2 2 IC^H-J; 0 S iil6 \C^y=f->?[C£ ^1 

m-rz>&oizi&$L£tiz>o «v^t, 02 3(c^-r,t9 

5a: 1 7 S: S i 0 2 1 5 xm#>Z> 0 F\Wk\C LT, 0 2 
4—0 2 6l^1-£ Sill8^iIU CCDS 

ill 8^rSilb> TOS ill 6(^*T*PJiti-5^:i 
9$r^^L> r(D^l 9£S i 0 2 1 5Xm*b2)o ^.th 

«C3R5c«ffl«Jt*2 0^t5, I^3ft7clii 
50 igfls:2 0tC*J-LT\ 01 8{^-TJ:9l-> ^S:^ 2 1 £: 
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[0 0 14] r©J;5ilfi!yot^m liDW2 
^5n^^ h^y 2 0 SrfMBW- 5fc«>fc#Jir 4: 

tc N HI 6 fc*iitfifi<D 3*76:7*- h-s/^^fafllatft: 
[0 0 15] 

[*W#*ftLJ:5£1-5H«] 3*^ 
[0 0 16] 

1-s 3*75:7* b^^^^ H B H «^^K-r^^*^« 

tt, Hi. El 2, H3:fc«fctMSrfli^Tift9§L*: 

«9tftXS*fflV^*5«9, *JiflS***"Cttft 

(RW^#BftxaSrJHv^T*3D. *>o#JIfb*:ffiSHbra:* 
[0 0 17] *«M-Cfi, 1 Hkyt^tzft 2 *7E<£>Mffl#j 

ft5c^fett2ft^«^^-^jB¥**PX*iW*.SC 
igLT, 7/W<v ^3*757* h = s/*JSS* 

[0018] ui 6 ^m^^xmmvtzx o mm^n 

XSriTr^fcJ;^ 3*S7*h = y^**1(|3|#t 

[0 0 19] l^L, rcD^^ffitC^fLT, *38H 
CD^jfe-Cfi, ^K^PX^fT9HU0 2»:7C*fcli3»C7C 

t*i* % r a^ p-^y^^fiji Lfcsssi* 
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5 0 — Ull 6fcl*Lfc*ifr*<Bfc©Mt. /^-yl 
« Ji<oX2a«*& fc J: o r ttf^Ki- 5 r i ffilW K 

^■BTflB-CfcSo bf:^oT, #3BWCf*. Silia 
oTfP«"Brifi-C, ^o«<OSit^lPXfcJ:0 3*767^ 

[0020] *lS«^*3V^'CBU<lftWi-**H 

gfi^P^y^IIjfe^ in-situ T'CO^^/^^^tC 

[0 0 2 1] i-ftfr*,, >M89!£>3*7g:7* h = y^« 
»«J6»©tKteWfett. l*7c*fcH:2ft7E©»*^ 

^££51^Jii-5r£{c<j;*9 2*7c£fcf3 3*7G^j« 
a»«5SffS:?B«-r-5fflfflaJI«3S#«*xei:. MIS 

*tci£ fell 2 2fe7coaie«ffl«»J6*rJniX-t- S&ilCMJMff 

20 [00 2 2] 

*5n:7;a- h = y^***3ftflcofRH^©W«*4. 
Tt:^ fctt 2 *^g<D^JH^*- v SrffM LfcSffi_h^ 2 « 

0 2ft7C*fctt3*7C«fflSrJt«^**»«i-5«»a 

tfefrfaK^UTSiltt:, 1 *^£fc$2 2 *7G<E>fiiiLJSJW 
«JS*rJnXi-5Stt««*3l9g*xat. ?:ft5^^ 

30 [0 0 2 3] B&8E«j£M:fclN-T\ *&WX*l$. ftffE^fi 

HfflttSr^i-TB^y y^y^MJ;*) 1 *7n£fcl3:2 

[0 0 2 4] tufe^ttJ^witittc, buIe^s:^ 

40 [0025] «naH»ia»«36fr»fiKxa^, tk 

IE 1 Tkit^fzte 2 &7z<Dfflms<?-->&Mf& \^tz.mWL± 
[0 0 2 6] «TR^i^ — V»K±|C2a«eJl± 
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[002 7] $e>i-, mi'<f->'XR±\z.2mMei±L 

[0 0 2 8] 

[o o 2 9] £-f. nmmifrbm&m7\c%>\,^x^ $z io 

[oo3o] m 2 {cm^mc^ i,±mmfctFfttLmcm 
m#&&3jmm k x o t^sst^ ^^imt*$) 20 
wnyKMw (110) jjfa\znm-rz>K\,^zm 

-efc-So r*>«fc5ft4**a>e>. H2ic«awi^bfe« 

£ 0 Hi 6fc*Ufc«Bfi*l l-Cf*. «t4JDIIgS: 

jb^t. l!^r3^^^««s^»o«J6SrSlau"cv^si^ mi 

[0 0 3 1] t^X\ *%&WXI^ HIl 7tC^bfcfllit 
»J1#i£#2 2 tc. ID 2 8 (c^-T J: 5 ^SEJt 2 3 Srflgrig 

-fS^r firt\ 129 fc^f * 5*2 ^7t;^W1#3t^ 2 4 

m 3 o ^i-j: 5 4is« 2 5 icmmmmum 2 e 

Sr**i-«**^J:or#btt5 3*7C«JH«3S#2 7 
^2 8£rffiV^ 0 ^tLbco^5t*2 7, 2 8i, 

SSL^«3giSK^^^(7)2o03g@SrSlfeUT 40 

II 2 7*5«fctfBl2 9tC^i~*3gft:2 2 *S itf 2 4 as£2 

[0 0 3 2] '<*->miR±(0&KffimiZ&^TMtfL£ 

tfftbftv\, m2 7t@2 9fc«Lfc«irCW\ fflg* 
rfi] (z#|ft) 112 9 (4fctt«EK3 0) 
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t>frh 0 L^b, 12 7 £|EI2 9 "CIS, mt-^UfcAg 
fl»X.6^^:(aoT, i2 7^fcfim2 9 |£*-f 

[0033] sxTicMfc#}temmm&m\t*x^ 

[0 0 3 4] (HWJD £i\ Si 3, 14, 15C 
i S^-LI-^-T V • T>" K • * (Line&space) 

—>^m^^xmm.v^-(^^^iyV{ci. v^^o • t> 

J: 9, J6»^^-^s»ffiJi^»*Sn* (b) o Uis 

mxmhfrz (c) 0 ^(Ds<?—>m$i±Ks<4T** 

'<v9K3L*> S i0 2 1130) i:a-Si (lf2 
9) ^^(Cilf^o dd-C. T»0»«3&5^^« 

^T^KKt^^^I-J:^ 03 2 {^-r J: 5 
M^3 2&ffigM-5o ^coS*. H3 2{^tJ; 
,11^112 9 (::xiisi) £{£®#r«« 
130 (::^Si0 2 ) *3J:r«SJB»f*KK3 3 

[0 0 3 5] £fc, m 3 3 t^-f- J: 5 ft 

2&5c«ffl««ffiBtt3 5ic, i3 4|:^n5l^ S 
6^3 6^MLT, II2 9«I3 0«I^ 

Wft3ft5£7* h=s/^»*«3iE*3 7 fcf^aprtt-cfc 

[00 3 6] 03 2*5J:t^m3 4l^-f-3»C7C^^ 
y^HSfi«3ft«:3 4*5J:t^3 7 fi, m2^>J:TJ ? m3, 4 

Id-fix^: K*SH»Wl^^SixT*5?), rtt^^-T 
^^K«5g<0 (110) *|Rl^ffiaL, 7^yK* 

i) 2 9t-MLrii. zJ&ripj^ttiR«ftScWc"Coft^o 
fen y Kli»^SixTv^ftv\ ^r^fc^^r^^^H^:^ 
<ftv\ 

[0 0 3 7] (*J60»J2) 123 5*5i:t>*3 6 li, 

2(7)i»M^^tn^it^5o ^(ommmx^ mm 

W*«IC« (rr-e^a-si) 3 8^«m^ia 
9, KJBVr^ttK (rr-Clia-Si) 2 9tntimmm 
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mmm^3 s»xxnsjB9rmnat (c^si o 2 ) 

g£g2 9CDn^K^ tHH(Oa-S iftm W3 2 

ft:Jb\ 13 511 mWiKS 2&&Wl'tZwl<D2#i7nfflm 

^i«l«M4 0 ICIE^ 3 2 eML, ^tibfD'X 
3 2ttCJBff44Kff3 8^*ttMLt3*7c7t 

[0 0 3 8] (Hife^J 3 ) m 3 7 *3 £T>* 3 8 fl 

in-situ JCfT^ix^^^^V^Xg^roMP 
**SixfcA*<OffiJB»f*«E«3 OOn K^OfiiJS 

So B3 7m aaft^y^^^Mf^swi^ffi*:^ 

TV^ a ^ojg*. c<&SOt«-Cfl HJfi0»Jl*3J:t^|| 

1H K#«5g«Jt£. 0 2*5<tt5ia3 % 4£Ha^tCft5 

^^fy^jfo:ti:/^ e &*3, i37 

t mmx& <Dn?r 42142 »:7c^^se«it 

[0 0 3 9] *S61t«JC*5V^TWtlP*.6>*tfc3iy^>' 
^Xgfi, A«^fSJBJFf*«tR3 OOu jy K«ffi«N*y 

>/^^gtL, in-situ fll^x^fy^^SC 
[0 0 4 0] (HJ£0!|4) 113 9-i4 1(1 *f£9§t- 

*5ttS3*7c7^- h = y^«**Jft*of^«j6rafe<o*4 
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SrftoSIESrfmi-S^n-fe^l^asJEUTV^o COS 

yKRl, R2©»ffiM^}ftS-&«"CfcS<t5ft3*7c7 
* b^y^»»«JS*4 3, 4 436Sf^3S$*lSo 
[0 04 1] ^©*S"Ctt, #ByKRl, R 2 BB^ra 

[0 04 2] *»t*«ettfcjHv**»8\ H4 

1,42 ^^-TJ: 5 h£®#T*££IC 2 9 <h igSJFf*^ 
S3 0(OKS**»*|it5-i:i-J: 0. ±IEO*v^n 

mz 9 ^g]4 o t<om&. ttt, in 4 it m 4 2 
t (D^tb^tKDmm*. sfrjfioia 3 5 ^ h 3 6 <b oia« 

tmWkX*&>*), I39t^f45t B4 1 
20 4 6(1 *tlJetlWffl3&7Z7* h^**SS*a§#4 
3^44 Sr^i-^fcfeO 2*7cJBM*SS»«r«i- 1 bo 

[0 0 4 3] (^iS^lJ 5 ) H4 3 -HI 4 6(4. 
*3I*5 3^^-yar b^y?&£hMmfc4 7, 4 8(7)ffl 

il ^«4l^ltS2*5MM«Mt»«>fHKxa^ 
SIJfeM 3 <o 2 9c5cA»Mf|j&ffOjHMlii^t LTfrofc^s/ 

[0 0 4 4] COi^t, 04 5, 4 6(^fj;9^ 

x^iftoraaiott^-BriiB-t?**. ft*5. 14 3 tm* 

4toH«ll l»«©H3 5i:H3 6i:(OBB«fcnil|-C 

[0045] (ute^o 6 ) ^mmm 6^47-iso 
40 zm^^xmrn-tZo :^swjTi^3^7tF^y 

^8f 0 »5 1, 5 2lt ^tl^2»IW 
5 3, 5 4#5 N HUl5llffi0y4*5j:T^5{^L^«3gff^ 

KSrflav^fc»^. Mi££tiZ>m&lZ. H14 70 
X o t-ft 19 . y KSroft <*^26p y K(B5>OrtJP 

50 Ojj&JfL ^y^W:H36*ft<ft5 0 U^i^b. «2 9t 
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mm 3 o -ir^w^-K 

$ 355^5 SMI*— Ft, 8fe*5«JI*-KfcS:3E5:fc 
ffli^S (2li»(OMft#^K) rirfcj:^. 

[0046] ^«t542 &7GJI8»«/I*igf*: 5 4 fc* 
^5 5eMt6^^aoT, 0 5O(C/Tt«J:5 

[0047] -jsjc. «a®co^s 

[0 0 4 8] (^JS^J7) EI 5 1 , 5 2tt, 

[0049] ^±tfc0j ufc^^jco 5 hmmm 3.4. 

f L^r <Dm&<D*X*te < , If 2 9^:113 0^ 
[0 0 5 0] £fc, iifEO^Wc&^Tte, SJlXg 

th*!t&xhz>o *<n£?tem&h, ±m<ommm\^ 
[0051] sx±<nni&mx^ mMKnmfm&mm 
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[0 0 5 2] (HiS0iJ8) r<DHlfiW-cii, mi^^^JS 

mi\zt$\,^x%}isb^mi L y^77^iaot)g 

SrtT5£, B 5 3 © J: } I: J: 5f x y • 

K (Checker Board) «ifriSJgfK<Six5o ^<0^=c 

io -/^- • khhsw:* m^-ri 9 in. ^fli-&cog 

[0053] ^mmmx^ mw3 o (s i o 2 ) <om 
mm$mffi<D^ y ^ ymmztt^x+fti^m « * ^ 

f3 0O^y>7KMl5 9^I^If (Si) 2 

!2 9^B4otV^, 
[0 0 5 4] iR3 0^5yK»^ 

30 mcmmK&tbtfz^ticx 9, ii3 o£^micj;£ 

^Oi5 8 3*55:7;*- h~^*§ill«^# 

40 B4 tI^D*atT**>f5. 3ft5ctt7;W^K*t 

[0 0 5 5] P)«0>«3fin. ±ieoOXST\ Il2 9i: 
££H3 0£A*l#x.T, ^yyKftfATSExyfv 

[0 0 5 6] (ltJ60»J9) Z.(nmM&\<D3&:7u7* h=- 

*5V^T. If 2 9C0^^^>->/X^T% §?>JC3iy^-> 
^^iii6r7 , N^SI-&^ 5 7 Sr^tC^ ITU^ 
50 ^iaot, ^$tt^ta>T?S>5o If 2 
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9 (DffiM t y 7 > ^IST z &fa<D&m&Wi'J> ITL 
*5fc». 3l#*<IIEK2 9©aWiiafc*v^f4, w 

[0 0 5 7] fltftEoSlttftl 8 x 9 -ete, ffi&talHKffll 

[0 0 5 8] £fc, r.tt^HJE^J8. A^fe^ 

[0059] jkjkz>hikw i a>s>njS0y 9 tt^T* 

tt. IftLTS i *5j:t/S i 0 2 £rfflv^c^ 

i *5j:tfS i O z \c£oXmm&ftMLtc^ S i 0 2 £r 

B&fcU S i t^ct^3^7^- hx^^SfsM 

y ^Sr*£*i"5 £ £ fe 3 0 

[0 0 6 0] 

[^0Jo«3^:] £JLhRWUfcJ:5l;L* **M{cj:nfi, 

[mu i£M(D3 7£jt7* b^y^&ihm^fc 

[B2] tt*ott^3»:7c7* h^y^tt*«JS» (7 

[83] «*©S&fc«fc©3*7£7*biiy^»»«a 
ft: (yVW^v K** jyyt«fo3ftSSE*ftfia#) 

fie (7/w^^K^^y^Sr»o3ft^A*»^#3S*) 

(?) f^ia^ffi £r*M-«5£0 £ 0 

[1215] 2ft7cE*»^^-^s*©±SBic«riiSix 
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[0 6] 0 5^LfcS4RO^ffi0t?fcSo 

[H7]B5, 6lc»UfclW±I^EBUittfcJ:or 

So 

[08] 0 7^Lfc3»C7c7^ h~y*JSiil«jgfla£> 

[ni9] mn<Dmm&ifrx*m7, s^u^s^o 

[Bio] H9fc«bfc«3Sfle©*taH"e*>*. 

10 [Ull] 2*royS?A*^<*->'3flS»*Snfcat*© 

[012] K (§E^p^y^-K) 

SrflJwCHl l{c^LfcS«_b(C3gSSS$rfiro"C^ 
SJxS 3*7cJa«|SBIIi«Bfiffo««H'C*>*o 

[013] 01 l^b^StgSrf^Ri-S^o-fe^S:^ 

[014] Bl ll:*tfciaS:ff»t5^n«t* 

tlKB-eJbS. 

[015] il l(^LtSfi^}!t57 p nt^l:^ 
20 i-«5t0-C*>5 o 

[016] 2^7C7^- h^5/^^#|3tfr^tt^:trfc 

[017] 01 6^Lfc3ft7n7t h=-y^«*«Bfi 

[018] 01 6 tel/:3^7t h~y*l£i&#jt 

[019] 0i 7^l^2^tc^^- h^^f^ihmm 

[0 2 0] 01 7{^Lfc2^5t:^^ h = s/^*S*i*aS 

[02 1] 01 7 {^I,fz21kjt7* 1*~3>*SMK6 
**rfP«-t-SXS«r*i-«*0^*>9. SblcSift 

[02 2] 01 7 ^L/c2*7c7t h^^^^f B «3g 
#SrfP»i-SXSSr^i-«*0^*>«9, 2 JI g Offi^ 
40 fr«rtLfctt««r*L-Cl^S. 

[0 2 3] 01 7[OTlt2^7t h-y^ifgifHIKt 

2 ^ J: 6 ?t*I#>:fc5 «£ U»B¥»ffc; Lfc^ffi^:^ LTV^ 

[02 4] 0 1 7{C^Lfc2^7u^^ h — s^»iSlflfi§ 

[02 5] 01 7 {C^Lfc 2^C7n^^ h^^Sjf0*Pt3£ 
50 Sr^b^JKIiSr^LTV^o 
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[@26] 11 7^Lfc2*557* h~^j£&*ii 
So 

[B27] mi 7^bfe2 9c7cMflmJMIift»I^KX 
[0 2 8] El 2 7fc«Ufc2*a«**Jl*3!c*^aa[ 
£W-fS 3*557* h = y^»*«3S*©±:aiBI"C*> 

So 10 

[0 2 9 ] El 1 7 fc» bfc 2 *55MJHff MHKftt^KX 
[130] HI 2 9 IdT^bfc 2 *55MmM*HM(CSK 

[131] **W^*5ltS3*5c7* h = y^«*«J6 

«»-c#j*3*La 2^7c^»«s«5gffow®Ei^*> 

So 20 

[13 2] 1 3 i ic^ l/c 2 ifk^mmmmmm^m^ z m 

So 

[13 3] *&m^rt&3&7t7*h~v?&&mm. 
* i awt-cB?** 2*7c«»a»«js*<D«rffiig^ 

fcSo 

[13 4] B33|:«Lfc2 *75JWM8M*K6*K z ft 

T# 6 Jiffi 1 -efe S o 30 

[13 5] *#e8te:tei*S 3*557* h~y*ft»«5fi 

vmnn i RW-wBriissna 2 &Kmnmmm%tVf(Dm 

®1"C*&S 0 

[13 6] 13 5(^ Lfc 2 *5cJ9ffl»JI*B§f*:K z M 
[13 7] **Wfc:*3tta 3*557* h= 

[13 8] 13 7\c^L,tz2»:fcmmmmmmm^zi^ 

So 

[13 9] ^^K&ttS 3*557* h-y*i»S*Jg 

fetalis 1 wmx'i&tiLZinz 2Tk7tmmmmmm.ft<Di$i 
[i4o] 13 9\^vtz.2&7tmmmmm^mz-zm 
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So 

[14 1] **WW8tt 6 3*75:7* h~v?&&mm 
&<D£ e>^«fcOfPtt*ffiS:RWi-Sfc«><ot><0'C*> 9 , 

1 «Rtt?»«*ixa 2 *7u^^ffiS*at*comf 
ffilT'feSo 

[14 2] 1 4 1 (C^ bfc 2 *55A»ttJlfltttfrK: 2 M 

So 

[14 3] *«Hfc::ftttS 3*557* h^y^»ft*3S 
^^ffiOf^»^ife^R^5fciC>Ofc^"C*>?). 

SlT'feSo 

[14 4] 1 4 3 fc« Ufc 2 *55MJHmtt&fltt: z ft 

So 

[14 5] 3*557* h^^^M«HB 

#tf>£ b{rf|fe<ofpa8^ifetR^5^fe(Ofcco-c*>») % 
««©IIHRI»"C»*S»t5 2*7uJ^fflSg«5gff^ffif 
SlT'^So 

[14 6] 14 5(Ct^U/c2 *55J^Sl«jI#lii#K: z ft 

So 

[14 7] (C*5 ft S 3*557* h~v?&M*mm; 

fr<Dish lctt<of^«*jSfeS:R8Bi-S fc«>o t>OTfc^ 
1R»-0»J*S*L5 2*55SfflSS#l5eft:offl 

[14 8] 14 7U^bfc2 *55^^ffi^«it*i^ z W 

So 

[14 9] *»M^i3Jta 3*557* 

ffc»<Oj& 1 R»-C»j4S*l* 2 *55^«S«i£ttWmr 
[15 0] i 4 9 (o^ L t 2 ^ jniliSif gftic z i 

So 

[15 1] #3&WK:fcttS 3*557* h^?*mMRK 

vm<on 1 RRt-c*j«*jxs 2 frjtmmmmm^kfccnm 

[15 2] 151 \^fz. 2 *55J!»J«/i«3£f*:(£ z M 

So 

[15 3] 3*557* h~ 

#0 $ & ^«&<Of^«*«feS:R?Hi-a fc»0 fe *rc*> 0 , 
^**^-bfcS5E«JB LfcJfrfrfcifER £*tS 3 *55A* 
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[B54] in 5 aK»LitmM9mmm»a**>ahtL* 

SKkjt?* h~y*ft£&m&#<D-m&JfeLX^L1tM 2 9, 3 8, 6 1 ffifl£ftBftft 

ffiia-cfc^o 3 o ffijD»f*jKft 

[EB5 5] H5 4(C^Lfc^f B «igffOJiSiaT-fe-5o 3 1, 3 5, 4 0, 4 5, 4 6 2 ftS«M«WIKtffc 

[B5 6] B5 4(C^Lfcg^itftr{cStt5 , v:^?fML 4 9, 5 0, 5 3, 5 4, 5 7 2 *7C^»mS«3t«s: 

T&S 3^tc^^- h^^^fee H B «3g#:<7)-gl5^BSLr^ 3 2, 3 6, 5 5 Sii:^: 

ifcftaatfcs, 3 3 i&mmmmn 

IM5 7] *mW^tetf%3frK7* h^vffe&mm 3 4, 3 7, 3 9, 4 1, 4 3, 4 4, 4 7 3^tc^ 

^^±{c3gS«gUfc^^ffit^nS3]>C7C^ 10 4 8, 5 1 , 5 2, 5 6, 6 0, 6 2 3 #C7t; :7 * h ~ 

5 9 A*»^i/y y b^mm 
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